There are little economic data concerning the profitability of organic vegetable crops in the Southern Coastal Plain, especially in reference to sod-based rotation and tillage alternatives. A three-year experiment was conducted at the North Florida Research and Education Center-Quincy involving a crop rotation sequence of oats and rye (winter), bush beans (spring), soybean (summer) and broccoli (fall). Bush beans and broccoli were the cash crops. This paper presents analyses of the riskiness of organic production utilizing years in bahiagrass prior to initiating the crop rotation sequence and conventional tillage (CT) versus strip tillage (ST). Methods of "Risk-rated enterprise budget" and "Analyses of Variance-Covariance Matrix (ANOVA)" were utilized for determining relative profitability, and coefficient of variation was applied for measuring riskiness of each treatment. Three years of bahiagrass prior to initiating the crop rotation sequence, in combination with conventional tillage, had the highest profitability and ranked as the least risky scenario. The second most profitable treatment was conventional tillage with four years of bahiagrass. Focusing on strip tillage, four years of bahiagrass with strip-tillage ranked third in term of profitability.
evaluated the combination of crop rotations and tillage, and calculated net return of each treatment from the enterprise budget. Minimum tillage and a corn rotation was illustrated to have the largest net return and lowest risk in the every other year rotation. Crop rotation and minimum tillage practices can be economically profitable and environmentally sustainable. Other studies applied expected value-variance analysis to three years data of center-pivot irrigated corn production and tested three tillage methods (conventional, conservation and minimum tillage practices). They found that the conservation tillage methods consistently produced the highest profitability (Tew et al., 1986; Archer et al., 2008) . Klonsky (2012) found expected yields of several crops (alfalfa, tomato, field corn, broccoli/lettuce, raisins, walnuts) in California were comparable for organic and conventional production, with an exception of lower expected output for organic strawberries and almonds; profitability of these crops depended on price premiums. Crop yield and economic performance of organic, low-input and conventional farming system were compared over an eight-year period on research from the "Sustainable Agriculture Farming System Project" in California (Clark et al. 1999 ). They applied four farming-system treatments including 2 and 4 years rotation (Note 1) and compared conventional, low input and organic systems. The organic treatments had the highest return and were the most profitable among four year rotations. Also, bean yields and profit over the eight years indicate good short-term and long-term potential for low-input and organic systems and make it a good candidate as a transition crop even without a premium price. Marois and Wright (2003) used a working business model to predict the potential income of continuous cropping of cotton and peanuts compared to a 4-year rotation consisting of 2 years of grazing cattle on bahiagrass followed by peanuts and cotton. The model predicted that a 200-acre farm would yield $5,000 per year growing continuous cotton compared to $22,000 per year under the 4-year rotation that included two years of bahiagrass rotation. Marois et al. (2002) showed the average peanut yield in the Southeast U.S. was about 2,500 lbs. per acre, but yields after bahiagrass were often 3,500-4,500 lbs. per acre. Economic modeling showed that profits for cotton and peanuts in a sod-based rotation were about two times greater than those for a peanut-cotton-cotton rotation. The benefits of bahiagrass include increased soil porosity, soil organic matter, soil moisture retention, and reduced plant disease and soil nematode populations (Gallaher et al., 2003; Johnson et al., 1999; Marois et al., 2003; Marois & Wright, 2003; Sumner et al., 1999) . It is inexpensive to establish and maintain compared to similar perennial grasses such as hybrid bermudagrass (Hancock et al., 2013) . For example, bahiagrass establishment costs and annual expenses were approximately $30 to $200 per acre, and $50 to $150 less than bermudagrass respectively. Balkcom et al. (2007) compared crop yields, production costs, revenue and net economic returns in the conventional peanut-cotton-peanut vs. bahiagrass-bahiagrass-peanut-cotton rotations, and conventional tillage (CT) versus strip tillage (ST). Net returns for the two crop rotations and tillage systems were determined using enterprise production budget for each year. Rotation system did not affect yield, revenue or return. Tillage was the most important factor in the study, and CT was superior to ST both in terms of yield, revenue and net return. This study evaluates an organic vegetable production system utilizing variable years of sod-based rotation and bahiagrass, and CT versus ST in the Southern Coastal Plain. The main production limitations in the Southern Coastal Plain are infertile, compacted, droughty soils, limited water retention, loss of valuable top soils and pest suppression. Sod-based crop rotation and organic crop production greatly improve the physical properties of soils (Drinkwater et al., 1995; Waldon et al., 1998) . Furthermore, the benefits of crop rotation systems in organic production may be enhanced if used in combination with ST. Strip tillage may decrease production expenses for labor, fuel, and machinery, reduce water loss from soil due to evaporation, and positively affect yields by minimizing soil loss and soil compaction (Gebremedhin & Schwab, 1998) . Although utilization of ST in organic systems may require intensive management to alleviate weed control problems, severe erosion and depleted soils in the Southern Coastal Plain dictates that reduced or no systems tillage should be utilized whenever possible. The objective of this paper is to analyze profitability and economic viability of different combination in sod-based rotation coupled with tillage treatments in organic vegetable production (Note 2). Yields and input costs data during the long term field experimental period was collected and analyzed using enterprise budget approach. A comparison of variable years of sod-based rotation coupled with different tillage techniques (CT and ST) were carried out to determine which system provides optimal solution in terms of financial lucrativeness to growers. There are many attendant economic, environmental and ecological components of these agricultural systems; however, it is clear that the adoption of agricultural technologies by farmers are closely related to economic profitability (Hoorman et al., 2009; Garcia-Pré chac et al., 2004; Siri-Prieto & Ernst, 2009; Ikemura and Shukla, 2009; Johnson et al., 1999; Sumner et al., 1999) 
Material and Methods
The primary goal of this project was to integrate advances made on sod-based rotation and strip tillage into organic systems for vegetable production in the Southern Coastal Plain. In this study we combined; 1) two tillage treatments of conventional tillage (CT) and strip tillage (ST), and 2) five rotation treatments including 0, 1, 2, 3 and 4 years of bahiagrass preceding annual vegetable cropping rotations. All treatment combinations were utilized in similar annual crop rotation with oats/rye (winter), bush beans (spring), soybean (summer) and broccoli (fall). Experiments were conducted for 3 years of field trials (from 2010-2013) at the University of Florida, North Florida Research and Education Center, Quincy, Florida. The experiment had four replications for all ten treatments (Note 3). For the purpose of simplicity, the above-mentioned treatments will be denoted by conventional tillage with zero year of bahiagrass (CT0), conventional tillage with one year of bahiagrass (CT1), conventional tillage with two years of bahiagrass (CT2), conventional tillage with three years of bahiagrass (CT3), conventional tillage with four years of bahia grass (CT4), strip tillage with zero year of bahiagrass (ST0), strip tillage with one year of bahiagrass (ST1), strip tillage with two years of bahiagrass (ST2), strip tillage with three years of bahiagrass (ST3) and strip tillage with four years of bahiagrass (ST4) in the rest of the paper ( The climatological and environmental conditions, detailed experimental design, soil characteristics and treatments are described in Bliss et al., (2016) . Economics and statistical analysis were adopted using a risk-rated enterprise budget approach and the classic two-way factorial ANOVA. Fundamental economic measures for conducting the economic analysis of alternative production scenarios are net revenue of each cropping system and approach of risk-rated budget enterprise were utilized for comparing net revenue and riskiness of above treatment.
Risk-Rated Enterprise Budget Approach
Preparation of an enterprise budget and analyzing the preferable measure of return requires identification of cultural operations and their associated costs, identification and valuation of production inputs, and the proper valuation of output (Gebremedhin and Schwab, 1998; Fonsah & Maltag Group, 2009a; 2009b; Fonsah & Chidelebu, 2012) . A risk-rated enterprise budget is the broadest assessment of profitability compared to a deterministic enterprise budget; the expected returns of each treatment will be computed by taking different scenarios of price and yield into account. Considering broccoli and bush bean as two cash crops in this experiment, 5 scenarios of "pessimistic", "worst", "median", "best" and "optimistic", are assigned for constructing risk-rated budget enterprise. A 15% and 35% percentage decrease and increase in broccoli yield and 21% and 28% decrease and increase in its price were adopted for these scenarios, respectively, based on historic yield information and USDA data (Fonsah et al., 2008; Ferrer et al., 2011) . A 25% and 50% increase and decrease in bush bean yield and 25% and 46% increase and decrease in its price were also adopted for afore-mentioned scenarios. Variable costs of each production systems were broken down into pre-harvest, harvesting and marketing costs and the revenue was calculated by multiplication of median value of each cash crop (broccoli and bush bean) by its median price (Fonsah et al., 2008; Fonsah & Hudgins, 2007; Byrd et al., 2006 Byrd et al., & 2007 . Table 2 presents the average yield of two cash crops in this experiment for the ten treatments. More years of treatment with bahiagrass resulted in higher average yield of bush bean for both tillage treatments (Appendix A). Although CT produced higher average yield than ST for the same years of bahiagrass treatment for both crops, average yield of broccoli did not show significant increase in subsequent years of using bahiagrass. Comprehensive yield data for each year for bush bean and broccoli are illustrated in Bliss et al. (2016) . Enterprise budgets were developed by The UGA Fruits and Vegetable Extension Ag-Economics Specialist, and value of net revenue for broccoli and bush bean for different treatments were calculated. Net return measure that was considered as the main variable for decision-making process that revealed profitability, were calculated under five possible risk-rated pricing and yield outcome (best, optimistic, median, pessimistic, and worst). The expected net return of each treatment in each year with its probability of occurrence is presented in appendix B (Fonsah & Hudgins, 2007; Fonsah et al., 2008; Ferrer et al., 2011) . Table 3 illustrates that, for bush bean, three years of bahiagrass was the most profitable among the CT treatments ($4,843/Ac), and net revenue increased substantially in second year of cultivation ($7,199/Ac) for this treatment.
Results
The second best scenario after CT3 in term of profitability was CT4 with value of $5,610/Ac. Second year of vegetable production for three year of bahiagrass (ST3) had the highest profit ($5,105/Ac) among strip-tillage treatments. The third year of vegetable cultivation for ST0 treatment yield net revenue of $4,150/Ac that was induced by its high yield equivalent to 8,524 pounds per acre. Total variable cost as a component of total cost is a function of yield, therefore, substantial variation in yield that might be induced by exogenous agricultural shocks like climate condition, lead to variation in variable cost. Total variable cost shows larger variation than total fixed cost (standard deviation is 864 vs 35). Applying the classic two-way factorial ANOVA (Afifi & Azen, 1973) for assessing the treatment effect on bush bean net revenue illustrates that more years of bahiagrass with ST lead to statistically significant increase in net-revenue of bush bean. The corresponding p-value of F statistic for testing hypothesis of effectiveness of both treatments was P<0.0001 (Table 4 ). ANOVA table shows that separate main effect of more years of bahiagrass and using ST treatment have statistically significant power in explaining change in net revenue (P < 0.0001 and P < 0.038, respectively). Interaction term in two-way ANOVA matrix captures the change in effect of treatment 1 over different values of treatment 2. The interaction term for two treatments was not significant (P< 0.23) and this means that effects of treatment 1 and treatment 2 are independent. * For designing the ANOVA analysis, code 1 and 2 are assigned for conventional tillage and strip tillage respectively and same codes as years of bahiagrass are assigned for bahiagrass treatments. Table 5 shows average economic parameters for bush bean over three years of experiment. Three and four years of bahiagrass lead to maximum value of net revenue for bush bean respectively. Also, for a given year of bahiagrass, CT treatment leads to higher net revenue compared to ST treatments. Comparing "Total fixed cost" and "Total variable cost" across treatments shows that CT is more costly than ST for the same number of years of bahiagrass. Considering CT3 and ST3 as the most profitable treatments for the bush bean for two alternative tillage treatments, opportunity cost of 3 years of growing bahiagrass for a farmer that forgoes vegetable production, would be $6,189 for conventional tillage (three years net revenue from CT0) and $4,696 for strip-tillage (three years net revenue from ST0) 1 . This estimation suggests that a farmer would have profit even after accounting for opportunity cost of forgoing vegetable production, such that for CT3, the two years net revenue after subtracting opportunity cost is $5,853, and for ST3 the two years net revenue after subtracting opportunity cost is $3,395. Higher variation in profit translates into higher risk. Therefore, in this study, we present "Coefficient of Variation (CV)" to illustrate riskiness of each alternative compare to other alternatives. CT1 was the least risky production alternative of all treatments and ST3 is the least risky production alternative among ST treatments (Table 5) . Also, CT3 has the highest profitability among all treatments, and ranks third in term of least riskiness of profitability. Estimated economic parameters for broccoli showed that first year of cultivation for zero and two years of bahiagrass and CT treatment have the two highest net revenue among the ten treatments (Table 6 ). The first year of cultivation in zero and two years of bahiagrass with ST treatments ranks 3 rd and 4 th in term of profitability. Variation in total variable cost was higher than total fixed cost, which was induced by variation in yield. The results of ANOVA matrix for assessing treatment effect of tillage method and bahiagrass rotation on net revenue of broccoli is presented in Table 7 . Model specification of effect of both treatments on the net revenue of broccoli has no statistically significant explanatory power. The corresponding P-value of F statistic for treatments' interaction in ANOVA matrix was P<0.18 which illustrated that net revenue of broccoli was not sensitive to years in bahiagrass or tillage treatments. Although difficult to explain why the lack of net revenue sensitivity thereof, we are tempted to partially blame the insensitive broccoli yield/revenue results for both treatments (bahiagrass and tillage treatments) to any of the several unfavorable good agricultural practices (GAP) such as changes in soil quality, insufficient weed, disease and insect control etc., adopted for the crop that could have an impact on the yield during the growing season of the study. The most noticeable feature for broccoli was sever cutworm damage to very young broccoli that occurred at high rates in some blocks but not in others. However, converting to ST had significant main effect on the increase in net revenue of broccoli. The analysis of riskiness of profitability of broccoli, CT3 is the least risky production alternative among conventional tillage treatments (CT0, CT1, CT2, CT3, CT4) and ST2 and ST3 are the least risky production alternatives among strip tillage treatments (ST0, ST1, ST2, ST3, ST4) (Table 8) . ST0, CT0 and ST1 are the riskiest treatments for broccoli. Considering CT3 as the most profitable treatment for the broccoli, net revenue after subtracting opportunity cost is $2,904 ($5694 -$2790).
The average net revenue of sod-based rotation and tillage treatment was calculated for both crops (Table 9) . Two main sources of variability in the enterprise budget were yield and the variable cost associated with yield. From the table, we can conclude that CT treatments with four and three years of previous bahiagrass rotation (CT3 and CT4) are ranked 1 st (two treatments) in term of economic profitability which is induced by highest yield in both cash crops (CT3 provide the highest profitability). The ST3 and ST4 treatments are considered 2 nd best in term of profitability. Analyzing the coefficient of variation for each sod-based rotation and tillage treatments shows that less years of bahiagrass (CT0, ST0, ST1) lead to higher variation in profit, which is stated to be more risky from the perspective of risk-averse farmers. This result is consistent for each of the cash crop separately, while production of bush bean is less risky than broccoli for each treatment. The statistical analysis for assessing the effectiveness of CT versus ST and sod-based rotation treatment on farm aggregate net revenue (summation of net revenue of both cash crops) was accomplished by applying two-way ANOVA and utilizing appropriate testing tools (Table 10 ). Model specification, separate main effectiveness of more years of bahiagrass and tillage treatments and their interaction effect are all proved to be significant in explaining the increase in net revenue (P< 0.05 level). 
Discussion
The objective of this study was to evaluate sod-based rotation and CT versus ST on profitability of farming with bush bean and broccoli as cash crops. Our economic analyses of data from an experimental crop rotation project conducted over three years, indicated that 3 and 4 years bahiagrass were the most profitable treatments for both bush bean and broccoli, and consequently for whole system containing both cash crops. These results parallel results from Marois and Wright (2003) and Marois et al. (2002) documenting the economic benefits of utilizing sod-based rotations in conventional production. Economic benefits of tillage treatments are less clear cut. Close investigation on cost components of CT and ST illustrates that ST was better agricultural practice due to reducing cost of production and providing larger net revenue for the growers of bush bean. Broader benefits of minimum-till treatments were illustrated in the studies of Ascough et al. (2009) who utilized "Stochastic Dominance" methodology to examine which of three different tillage systems (chisel plow, no-till, and ridge-till) were the most risk-efficient in terms of maximizing economic profitability (net return) across a range of risk aversion preferences. Results showed that net return of corn crop using no-till tillage system was preferred across the entire range of risk aversion regardless of whether the objective of the decision maker was minimizing risk or maximizing net return. In our studies, however, CT3 had the highest profitability for both bush beans and broccoli induced by large yield for these treatments. Conventional tillage with four years of bahiagrass (CT4), strip tillage with three years of bahiagrass (ST3) and strip tillage with four years of bahiagrass (ST4) were the second, third and fourth most profitable treatments respectively. This study also investigated riskiness of each treatment by examining coefficient of variation. It should be noted that risk analysis based on CV cannot be generalized especially that our result was strictly based on the limited observation years' research data. The least risky treatments for bush bean, broccoli and whole system were conventional tillage with one year of bahiagrass (CT1), conventional tillage with three years of bahiagrass (CT3) and conventional tillage with four years of bahiagrass (CT4) as they performed much better than all ST treatments. These advantages of CT parallel results of Chan et al. (2010) comparing the profitability of four different organic cropping systems for winter squash and cabbage in New York which found and a combination of compost for nitrogen, occasional cover crops and CT had the highest revenues for cabbage. Statistical analyses based on ANOVA matrix provide growers a prediction of profitability of sod-based rotation and tillage alternatives. Although the model for testing impact of treatments on net revenue of broccoli did not show any significant effect, net revenue of bush bean and system total revenue were sensitive to both treatments. This suggests that a move toward organic vegetable production by incorporating sod-based rotation and CT can lead to higher profit for farmers.
